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Abstract: Combine header loss comprises more than 50% of wheat harvesting losses.  Therefore, decline in this part of the 
loss to the extent allowed amount is an important step in reducing of crop wastes.  Combine header is a complex system in 
which several factors are involved in its work.  And, if these factors can be adjusted and controlled to suit the working 
conditions, to a large extent of crop loss can be prevented during the harvest.  In this study, reel index, cutting height of crop 
and horizontal and vertical distance of reel from cutter bar were selected as the effective factors in header loss.  In response 
surface method, central composite design was used to modeling and finding optimal levels of mentioned factors.  The results 
showed that power model was the best model to describe the dependence of the independent variables and the dependent 
variable.  The optimum conditions for minimum combine header loss (103 kg/ha) were obtained 1.2, 25 and 5 for reel index, 
cutting height of crop and horizontal and vertical distances of reel from cutter bar, respectively. 
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1  Introduction 1  
Wheat, as the most important crop plant, plays a 
major role in preparing food for people in Iran, but its 
production has many wastes.  The major portion of the 
wastes of wheat during harvesting that drop in harvest by 
combine harvesters in Iran is two to three times of the 
allowed amount.  In recent years, considerable 
researches have been carried out to determine the ratio of 
loss in crops during harvesting.  In this regard, the loss 
in wheat harvesting by combine in different regions was 
determined by farm experiments.  The results of the 
investigations introduced the header loss as the highest 
loss among different parts of combine (Behroozi-lar et al., 
1995; Behroozi-lar, 2000).  Therefore, decline in this 
part of the loss to the extent allowed amount is an 
important step in reducing of product wastes.  An 
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important factor in increasing the yield of labor of grain 
combines and consequently reducing the crop loss is 
correct adjusting. 
Numbers of researchers have been modeling 
combines header losses in different crop harvesting 
through linear statistical models as function of the 
parameters such as the moisture content of grain, reel 
index, cutter bar speed, cutter bar service life, distance 
between reel fingers, distance of reel fingers from the 
cutter bar, radius of reel, reel rotational speed per forward 
speed of combine harvester (reel index), non-dimensional 
ratio of the crop height to the height of reel axis at the top 
of the ground, stem height and other characteristics of the 
crops (Oduori et al., 2008; Junsiri and Chinsuwan, 2009).  
Several other studies have focused on the use of 
intelligent control systems and according to the 
complexity of modeling the processes of harvesting have 
used artificial neural networks, fuzzy logic and genetic 
algorithms to control the factors contributing to the loss 
of combine and forecast the grain loss (Benson et al., 
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2000; Ma, 2003; Jalaei and Javidi, 2004; Craessaerts et al., 
2010; Omid et al., 2010; Zareei et al., 2012). 
Response surface method is a collection of 
mathematical and statistical methods useful for the 
modeling and analyzing a process and ultimately aims to 
optimize the process (Myres and Montgomery, 1995).  
One of the advantages of response surface method is 
reducing the number of tests.  In cases where the 
number of process variables is high, most information can 
be obtained from the response with minimum number of 
experiments using response surface method.  
Pishgar-Komle et al. (2012) used the response surface 
methodology to optimize corn grain harvest losses with 
corn picker-stripper device and investigated the effect of 
ground speed and forwarding speed on the loss of corn 
grain.  The results of the work showed that the optimal 
forwarding speed and ground speed to achieve the 
minimum amount of grain loss were 600 r/min and 3 
km/h, respectively.  
The main purpose of present study was to 
investigate the effects of various parameters such as reel 
index, cutting height of crop and horizontal and vertical 
distance of reel from cutter bar on the ratio of combine 
harvester header loss and represent the optimization 
model using response surface method. 
2 Materials and methods 
Farm experiments were conducted in the harvest 
season in 2011.  Crops cultivated in the farm were 
irrigated wheat with the yield of about 6 t/ha. Combine 
used for the test was manufactured by CLAAS LEXION 
510 which was provided by Mechanization Development 
Center of Agriculture Organization of Fars Province, Iran.  
In this study farm tests were conducted to measure 
combines header loss.  Combine header losses of grains 
are seeds coming out with straw and chaff from the 
bottom of header or as complete clusters or clusters along 
with the stem from the front of header.  To carry out 
these experiments, first effective factors on header loss 
and their appropriate levels were found and then loss 
values were measured in different conditions arising from 
the change of factors levels.  Among the factors 
influencing the combine harvester header losses, four 
parameters were selected including reel index, cutting 
height of crop, horizontal distance of reel from cutter bar 
and vertical distance of reel from cutter bar, each of them 
in three levels (Table 1).  After entering to the farm, 
combine harvested at a specific rate about 30 m to reach 
steady state.  Then, wooden frames (50×50 cm
2
) were 
placed at some points from harvested parts which only 
the header passes from over it and materials got out from 
the back of combines are not poured into it, to measure of 
combine header loss and grains and clusters in the frames 
were collected and weighed.  
Table 1 Combine header operating parameters and 
their corresponding range 
Range Parameter 
1.0-1.5 Reel index 
25-35 Cutting height, cm 
0-10 Horizontal distance, cm 
5-15 Vertical distance, cm 
Response surface methodology and software Design 
Expert 8.0.6 (Design Expert 2011) were used to obtain a 
response surface based on central composite design.  
The purpose of response surface method is to find 
the appropriate amounts of each of these factors to 
achieve the least amount of combine header loss. 
After selecting the appropriate design, the 
significance of each variable was statistically analysis, 
model equation was identified and coefficients were 
predicted.  
After the equation coefficients were obtained, 
response is predicted by solving the equation. Then the 
model is consistent with experimental data. Capability of 




3 Results and discussion 
The results of the data analysis have been presented 
in Table 2.  By viewing this table we can see that among 
linear effects, variables had significant effects on the 
combine header loss, except horizontal distance of reel 
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from cutter bar variable.  There were not statistically 
significant any of interactions and among the quadratic 
effects, reel index and cutting height had significant 
impacts.
Optimized regression model in terms of coded and 
actual factors is expressed by the exponential form 
Equation 1 and Equation 2.  According to statistical 
indicators, it can be concluded that regression model well 
explains the mathematical correlation between the 
independent variables and the response of process.
In Figure 1, Figure 2, Figure 3 and Figure 4 
independent variables interactions on the combine header 
loss have been illustrated using three-dimensional 
diagrams of response surface.  According to these 
figures, the following results can be achieved:
Table 2  Results of variance analysis of combine header loss using response surface method 
p- value 
prob>F 
F value Mean square df Sum of squares Source 
0.0001> 40.21 9.88 7 69.18 Model 
0.0001> 65.71 16.15 1 16.15 A-Reel index 
0.0001> 25.64 6.30 1 6.30 B-Cutting height 
0.9065 0.014 3.472E-0.003 1 3.472E-0.003 
C-Horizontal 
distance 
0.0036 10.61 2.61 1 2.61 D-Vertical distance 
0.0589 3.97 0.98 1 0.98 AC 
0.0001> 115.12 28.30 1 28.30 A
2
 
0.0268 5.63 1.38 1 1.38 B
2
 
  0.25 22 5.41 Resdual 
 0.99 0.25 17 4.17 Lack of fit 
0.5590  0.25 5 1.24 Pure error 
   29 74.59 Cor total 
 
                                    
(1) 




Figure 1  Effect of reel index and cutting height on combine header loss in horizontal distance of 5 cm and 
vertical distance of 10 cm of reel from cutter bar 
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Figure 2 Effect of reel index and vertical distance of reel from cutter bar on combine header loss in horizontal 
distance of 5 cm and cutting height of 30 cm of reel from cutter bar 
 
Figure 3 Effect of reel index and horizontal distance on combine header loss in horizontal distance of 5 cm and 
cutting height of 30 cm of reel from cutter bar 
 
Figure 4  Effect of reel index and vertical distance on combine header loss in horizontal distance of 5 cm and 
vertical distance of 10 cm of reel from cutter bar 
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1. Relationship between reel index and combine header 
loss is a quadratic curve which has the minimum amount 
at level two (1.2).  In the lower level of reel index (and 
therefore low reel rotational speed), the fingers cannot 
collect and direct the crop to the header, hence header 
loss increases.  On the other hand, when reel index is 
more than level two, by increasing the reel rotational 
speed fingers strongly hit to cluster and lead to an 
increase in header loss.  This result is consistent with the 
findings of Junsiri and Chinsuwan (2009); Sangwijit and 
Chinsuwan (2011). 
2. The relationship between cutting height and combine 
header loss is linear and with the increasing of this height, 
header loss increases.  If the cutting height is too high, 
header loss increases due to lack of cutting of some 
shorter spikes.  This entry confirms the result of Junsiri 
and Chinsuwan (2009). 
3. The relationship between horizontal distance of reel 
from cutter bar and combine header loss is linear which 
the maximum amount is in the first level and by 
increasing this distance, header loss reduces downward. 
4. The relationship between vertical distance of reel from 
cutter bar and combine header loss is also linear which 
the minimum amount is in the first level by increasing 
this distance, header loss increases.  Junsiri and 
Chinsuwan (2009) about the reason for this issue stated 
that crop stems hardly bend into the cutter bar, resulting 
in header loss due to effective cutting reduction of total 
stems. 
In Figure 5, the diagram of real values has been 
given in front of the values predicted by the model.  This 
diagram shows the values of predicted response in front 
of real values for helping to realize this value or group of 
values that have not been predicted by models.
The results showed that response surface method is 
well capable to predict data with negligible error and 
present the proper relationship between the independent 
variables (reel index, the cutting height of crop, 
horizontal distance of reel from cutter bar and vertical 
distance of reel from cutter bar) and combine header loss.  
Based on the findings of present study, reel index had the 
greatest impact on combine header loss and horizontal 
distance of reel from cutter bar had the least impact. 
According to models test, the fourth model with low error 
and suitable correlation coefficient was used for modeling 
of combine header loss on the basis of variables above.  
The results of the optimization model of header loss 
revealed that the minimum combine header loss occurred 
1.2, 25 and 5 for reel index, cutting height of crop and 
horizontal and vertical distances of reel from cutter bar, 
respectively. 
 
Figure 5 Comparison of real results obtained from test with the values predicted by the model 
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4  Conclusion 
The optimum conditions for the minimum combine 
header loss (103 kg/ha) were obtained 1.2, 25, 5 and 5 for 
reel index, cutting height of crop and horizontal and 
vertical distances of reel from cutter bar, respectively. 
The results showed that response surface method is 
well capable to predict data with negligible error and 
present the proper relationship between the independent 
variables (reel index, the cutting height of crop, 
horizontal and vertical distance of reel from cutter bar) 
and combine header loss. 
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